This study shows the practices for managing ex situ soil with a simulation in which a residue derived from hydrocarbons with a sandy-silty soil was mixed, and two Salix spp. varieties were planted in the mixture. The experiment took place in a greenhouse and controls on plants and soil occurred during 36 months. The experiment aimed at two objectives, the first of which was to evaluate the development and resistance of the plants in the contaminated soil, comparing them with their planting in sandy-silty soil without the residue, and the second was to evaluate the performance of plants as phytoremediators of the residue. This study deals with the first goal. The success in sprouting and in development of the plants was verified in both types of soils. The diameter and height of the stems and the dimensions of the leaves were the measured parameters. Statistical analysis of the data indicated that Salix triandra species developed better. The joint result for both the above mentioned objectives indicated that the ex situ method for treating soils contaminated with hydrocarbons and the planting of two species of willow were effective and can be reproduced in similar conditions to those described in this study.
Introduction
This paper presents a research method for soil management contaminated by hydrocarbon derivatives, with the application of the ex situ technique and the use of two species of willow plants in a greenhouse, to assess the potential of phytoremediation of the willows in soil samples contaminated with a substance consisting of a ship fuel called Marine Fuel Oil 380 (IFO 380) . The experiment was performed by the simulation of contamination of the referred substance in a soil. In order to mitigate the environmental impact, a method for decontaminating of this soil with the use of Salix spp (Salicaceae) kind of plants was applied.
Previous studies of Belgian researchers showed the effectiveness of Salix spp. species in many experiments with soils contaminated with heavy metals and other substances in Belgium and other countries (DICKINSON et al., 1994; ERICKSSON; LEDIN, 1999; GOOR et al., 2001; MERTENS et al., 2001; VERVAEKE et al., 2001; KLANG-WESTIN; PERTTU, 2002; VANDECASTEELE et al., 2002; MEERS et al., 2003; VERVAEKE et al., 2003) . The positive results of these studies were encouraging for the group to reproduce a similar experiment in southern Brazil.
As the cited studies with Salix spp. occurred in regions of low temperatures, where the plants have vigorous growth, this research outlined apparent challenges because the region chosen for the experiment has higher temperatures. At the site chosen for the implementation of the project, a rural property of Unilasalle, in Canoas, in the State of Rio Grande do Sul, the climate is subtropical. Furthermore, the experiments cited in the studies were developed in situ, with direct planting in contaminated or polluted soils.
When the research was planned, there were no scientific sources found about similar experiments to report on ex situ phytoremediation, the use of the Salix spp. species and greenhouse. In this context, the researchers identified the opportunity to carry out original work.
Thus, this paper describes methodological procedures for soil preparation, planting and care during the growth for both species of Salix and sampling procedures for analyses. It is not about methods and results about the potential of the plants as phytoremediators, or as to the final quality of the treated soil in the experiment, an approach already held in Cunha et al. (2012) , but presents data on statistical evaluations about the plant growth.
Phytoremediation is a technique that appeared in 1991 as a low cost alternative to polluted soil rehabilitation or contaminated with heavy metals, inorganic compounds, radioactive chemical elements and hydrocarbons derived from petroleum, among others (CUNNINGHAM et al., 1996) . It consists of an in situ treatment mediated by plant species to extract, contain, immobilize or degrade contaminants from water and soil, enabling the return of the functionality and stability of the ecosystem. The researches in this area seek to understand the interaction of the plant with the contaminant (MCCUTCHEON; SCHNOOR, 2003; AL- TAISAN, 2009; MUDGAL et al., 2010; BHARGAVA et al., 2012.) . An alternative method is the removal of soil for its rehabilitation by the ex situ chemical treatment, cited by Mulligan et al. (2001) as an effective technique in small areas, but more harmful to the environment and with higher costs.
The plant known as willow is a product of plant species of the Salix gender, of the Salicaceae family that has several applications, such as amarrillos in agriculture (especially vineyards), baskets for work in agricultural activities, crafts and furniture manufacturing. It is also used in landscaping, bioengineering and phytoremediation treatments. There are about 300 known species of trees and shrubs of Salix scattered in different continents, associated with wet soils of cold and temperate climates. However, there are several species of Salix that fit in dry areas. The shrubby forms are traditionally used in crafts and basketry, which are called willow. The Salix viminalis L., Salix purpurea L., Salix cinerea L., Salix caprea L., Salix triandra L., Salix alba L. subsp. vitellina and Salix fragilis L. varieties stand out. In Brazil, the willow plant is grown since the nineteenth century, introduced by European immigrants, and is an important source of income for thousands of small farmers in the Planalto Serrano Catarinense region, in the State of Santa Catarina. The plants include a large number of genotypes, including species, natural clones and hybrids. In this region, the material is derived exclusively from natural Salix x rubens Schrank hybrid. Clones of Salix x rubens species originate vigorous plants and of good adaptation to edaphoclimatic conditions in the Planalto Serrano Catarinense region. The research institutions Empresa de Pesquisa Agropecuária e Extensão Rural de Santa Catarina (EPA-GRI) and Embrapa Recursos Genéticos e Biotecnologia (CENARGEN) started in the region to introduce new species of Salix originating from Germany, France, Chile and Argentina to meet quality requirements of rods for making fine handmade pieces, which are not found in the Salix x rubens species (MEIKLE, 1984; MOURA, 2001; CARPANEZZI et al., 2002; CASA et al., 2007) .
The aim of this paper is to present a method of research for the decontamination of a soil managed ex situ, contaminated with a ship fuel, by the planting of two varieties of plants of the Salix spp species, in a greenhouse, and potential assessment of phytoremediation of the plants in the mitigating of a simulated environmental impact.
Material and Methods

Residue
The residue is a mixture of soil and IFO 380 substance. The substance corresponds to a mixture of fuel oil and diesel used as ship fuel (VERMEIRE, 2012) . It was not possible to determine the individual masses of the components of the residue, because the material was composed of a mixture of grains of pebbles, sand, silt and clay impregnated with the substance heterogeneously and of difficult separation.
Soil
The soil in the planting was collected in situ in a rural area of Canoas (29° 52' 34" S and 51° 08' 05" W), which served as a source of soil for various activities and works of the municipality. About 18 m3 of soil were extracted from the area and transported by a bucket truck to the site of the experiment.
Physical, agronomic and chemical analyzes were performed on soil samples, and chemical analysis were performed on residue samples. The results were important to evaluate the fertility of the soil, the chemical components present in the soil and in the residue and the proper proportion for soil mixture and residue, so as to allow the development of plants in boxes filled with the mixed soil type.
Physical analyzes were performed on soil samples in the Soil Laboratory of the Unilasalle to determine the grain size distribution of the soil, using vibrating sieving and seven grain size sieves of different meshes. Agronomic analyzes were performed in the Soils Laboratory of the UFRGS School of Agronomy. Chemical soil analyzes were performed in the Chemical Laboratory of the Federal University of Santa Maria (UFSM). The chemical residue analyzes were performed in the Environmental Analytical Chemistry Laboratory and Oil Chemistry of the UFRGS (BTEX; PAHs; pH), in the Laborquímica Laboratory (mineral oils and greases; oils and greases from vegetables and animals) and in the Chemical Laboratory of the UFSM (23 chemical elements).
The mass of soil distribution by particle sizes indicated that this is silty sand, according to the textural diagram employed in soil surveys in Brazil (LEMOS; SANTOS, 1982).
Willow Plants
The research was designed to evaluate both the Salix x rubens and Salix triandra species as phytoremediators plants. The Salix x rubens is a species widely used for the manufacture of furniture, handicrafts and as support material for planting vines in southern Brazil. The Salix triandra is not a species used in the region and its choice for the research was due to its good growth performance, observed in experiments conducted by willow producers in the municipality of Bom Retiro do Sul, in State of Santa Catarina.
Experimental Model
The project lasted 36 months, starting in October (year1) and completed in September (year3), respectively, with the planting of willows seedlings and the collection of the last samples of soils and plants for analyses. The experiments were performed in triplicate and in the 2 2 factorial model (two soil types and two varieties of willow), resulting in 12 planting boxes. For search controls, two more boxes were filled, one with the soil and the other with the soil and residue mixing, and that both remained without plants, but that they received the same mode of irrigation than the others. Figure 1 illustrates the location of each box in the experiment with the planted willow species and soil types. 
Preparation of the Soils
Initially, the substances calcium carbonate and magnesium carbonate and of N, P and K were added to soil for pH adjustment and addition of inorganic nutrients for the soil. The mixture of soil and residue occurred in the proportion, respectively, 80% and 20%, which was placed in seven boxes.
In Figure 1 , the white squares represent boxes that were filled with the soil mix, carbonates and nutrients N, P and K. The masses were previously determined and homogenized in batch operations in mixer equipment similar to that used in the civil construction, in three minutes time. The resulting material was added to the boxes and the operations were repeated as many times as necessary for the individual filling of the seven boxes. The gray squares represent boxes that were filled with the mixture of soil and residue, in addition to the N, P and K and carbonates components. The homogenization of the materials and the filling of the remaining seven boxes were repeated in the same equipment and the before mentioned manner.
Seedlings of Willow and Planting
The seedlings of the two species of willow were provided by the Zandonai, Journet and Thomas Ltda. Company, having as matrix the plants produced in the company's ownership, in Bom Retiro do Sul, Brazil. The seedlings amounted to willow sticks segments about 30 cm long ( Figure 2) .
A technician of the quoted company did the planting in October/year1. There were placed 36 seedlings of the same species in each box, homogeneously distributed and buried about 10 cm in the same procedure in the two soil types (Figure 3 ). According to the technician, the month of planting was considered late, for in the State of Santa Catarina seedlings are usually planted in February and March. The technician suggested placing the polyethylene film only on the roof of the greenhouse structure. The film was not placed on the sides of the structure. 
Procedures for the Development of Plants
Three factors were important for the budding and the healthy growth of willows in a plantation: clay soil, well-structured e with humidity. However, the biggest challenge was related to the climate issue, especially during the first year of the seedling development, considering that they were planted late and in a different climate of the Planalto Serrano Catarinense, where the seedlings came from. In this context, humidity control would only fit. Irrigation was performed three times per week, in the early mornings or late afternoons during 30 minutes, in the spring, autumn, and winter, and every day in the summer, as the soil is of little clay and the weather conditions are hot and of low humidity.
As for insects, there were infestations of aphids and ants. As it was not fit for the use of insecticides for ants, it was opted for the placement of baits to external boxes, which solved the problem partially. For aphids, the infestation was controlled daily spraying a 30% coconut soap solution. The incidence of insects did not harm the development of plants.
In addition, fungal infestations occurred. Branches, green leaves and necrotic leaves were subjected to phytosanitary diagnostics in the Phytosanitary and Consultancy Diagnostic Laboratory. The analysis accounted for examination under a stereoscope and optical microscope of the structures and their comparison with those illustrated in specific bibliography. For the control of fungi, periodic thinning rods were made, around 50% of the plants in each box so that the others could have more space in the development of sticks and leaf mass. In addition, the humidity control was more rigorous.
Plant growth was evaluated by measurements of the stem diameter, the plant height and the length and width of the leaves. The control of the stem was made at its base and at the apex with the use of a caliper. The diameter of the base was measured at a point of two centimeters above the ground, and the apex diameter was measured at a point of three knots below the apical bud. Plant height was measured from the ground to the apex and with the use of a measuring tape. The length and width of the leaves were measured with a ruler. For each box 10 plants were measured at random, and from each plant were taken 20 leaves were taken off.
Soil Samples and Willows Collection
Soil samples from all the boxes were collected and analyzed twice: one before planting the seedlings, and another 36 months after planting, in the completion of the experiment. In the first collection, several aliquots were removed from the boxes during their fillings. Thus, each box had a composite sample, which has been homogenized and successively reduced to form appropriate aliquots for analyses. For the last collection, the boxes were removed and a number of soil samples were collected in each one, from the top of the box to the depth in which the roots of plants were developed, forming also a composite sample that was homogenized and reduced which generated rates for analysis.
The plant sample collections occurred 18 and 36 months after planting. In each sample leaves, stems and roots were collected. The leaves were collected from all plants in each box. Stems and roots were collected from three plants chosen at random in each box. Collection procedures were performed, preparation and packaging of plant samples according to specific instructions by the laboratories that analyzed them.
Removal and Final Discard of Materials
Finishing the experiment, the dismantling of the structure and the removal of the materials used in it were proceeded, because the site should return to the preconditions of the research. The way how the experiment was structured facilitated the removal of all materials (used sample rates or not in the analysis, soil, soil mixed with residue, unused residue remaining plants, plastic containers used, wooden boards and black plastic). The materials that had contact with the residue were removed by Colix-RGS Company that provided all environmental documentation, stowed materials, transported and allocated them to the pro-environment industrial landfill in compliance and conformity with the requirements of environmental legislation. The materials that had no contact with the residue had different destination.
Results and Discussion
Physical and Chemical Analyses
The mass of soil distribution by particle sizes indicated that this is silty sand, according to the textural diagram employed in soil surveys in Brazil (LEMOS; SANTOS, 1982) . Under this classification, the soil had different texture than the clay soils of the region in which the willows are planted in the State of Santa Catarina.
The results of the agronomic soil and chemical analysis of the soil and residue are shown in Tables 1 and 2, respectively.
The results of the Table 1 indicated a soil with low clay (16%), low pH value (4.4), unsuitable for willow planting, and need correction for some inorganic nutrients for normal plant growth. The amount of clay was not altered, but results were important to allow the correction of pH and inorganic nutrients of the soil with calcium carbonate and magnesium carbonate and N, P and K. The results in Table 2 were especially important for the substances defined in the residue, because the values should indicate the proportions of the soil and residue masses that should be mixed to compose the material in which part of the experiment would be developed. It was defined that the mixture should be composed of 80% soil and 20% residue.
Clay
Budding and Plant Growth
The initial seedling sprouting was normal in all boxes and no seedling has been lost. It was observed that the seedlings of the Salix x rubens species planted in soil without residue had more shoots and bigger branches as compared with the seedlings planted in the soil with a residue. The color of the leaves of the seedlings planted in soil with residue had more yellow hue in contrast to the green hue of leaves of sprouted plants in soil without residue. The Salix triandra species had sprouting and formation of branches similar in both types of soil, and be identified difference in color of the leaves of the plants which sprouted in the two types of soil. In addition, the color of the leaves of the seedlings planted in soil with residue had a more yellow hue in contrast to the green hue of leaves of the sprouted plants in soil without residue. The Salix triandra species had sprouting and formation of branches similar in both types of soil, and was not identified with difference in color of the leaves of the plants that sprouted in the two types of soil. This fact was verified in the other two periods of sprouting after periods of dormancy of both species.
Considering the period of three years of research and plant development cycles -planting, growth, dormancy and emergence of new leaves -the presentation and discussion of the results were divided into three stages in this study as follows.
First Stage: Budding and Growth
It matched the first year of the research, in the period October/year1 to September/year1. There was expectation regarding to the growth of these plants, because the altitude and climate are different in Bom Retiro do Sul and Canoas, municipalities in which, respectively, the plants are traditionally grown and the research was conducted. In Bom Retiro do Sul, the topography is marked by hills with altitudes above 1,000 m, and temperatures vary according to the seasons, between 8 to19 °C in spring, 16 to 22 °C in summer, 9 to 16 °C in autumn and 6 to 14 °C in winter. In Canoas, the topography is flat in altitude almost at sea level, and temperatures ranging from 15 to 22 °C in spring, 19 to 29 °C in summer, 11 to 22 °C in autumn and 11 to 19 °C in the winter. The plants performance both in budding and in growth was normal in Canoas, and the differences between the altitudes and climates constituted no problems. Figure 4 shows the growth of the first buds of the Salix x rubens species.
Figure 4 -Shoots of Salix x rubens
In April/year1, the leaves of the two species began to turn yellow and fall off, indicating the beginning of the first dormant period that lasted until August/ year1. In this period, the first infestation of aphids (Hemiptera) took place. This insect excretes a high--glucose solution that attracts ants and bees to the crops and whose presence indicates the occurrence of the plague (PATRO, 2013) . The ants did not attack the leaves. The infestation of aphids, controlled with the solution of water and coconut soap, lasted until the end of plant dormancy period, having been the only problem occurred in the first stage.
Second Stage: Development of the Plants and Appearance of Fungi
It corresponded to the second year of the research, in the period October/year2 to September/year2. In October, many new branches have grown in the two species and two soil types, and till February the plant development was normal without problems. In March, there was a new infestation of aphids. In the boxes with soil and residue, in both species, there were unusual episodes so far, like leaves with necrosis and dark spots. The necrosis was also observed at the apex of the branches. Before long, these processes were also installed in growing plants in soil without residue. The leaves analysis having such characteristics indicated the presence of fungi of the Phoma sp., Cercospora sp. and Phyllosticta sp. species causing the Phoma, cercorporiose stain and leaf spot, respectively. According to Saran (2017) , the infestation by these species of fungi is favored when the plants grow in damp locations. Figure 5 illustrates a leaf of the Salix x rubens species with stains caused by fungi.
Aphids always began infestations in plants growing in soil without residue, possibly seeking healthier saps. However, in the plants without soil residue, they became infested and the aphids passed to plant growing in soil with residue. With the fungi it occurred otherwise, i.e., their infestation always initiated in plants growing in soil with the residue, and then they passed to plants in soil without residue. The branches had necrosis on the basis that enveloped them completely. In the bark, elongated brown or violet spots appeared. The branches dried from the ends. After opening the wood in longitudinal cut, necrotic and dark spots in depth were verified. After drying the branches, the bark became reddish or brownish with black dots in large quantities, making the fungus fruiting bodies.
Contribuição dos autores:
The dead branches with cancers were the main source of inoculum. Dark pycnidia containing hyaline conidia and unicellular were also detected in the samples. Conidia produced in pycnidia in the branches are spread during rainy periods (AUER; SANTOS, 2008). As management measures for the control of plant infestation by fungi, the film of polyethylene was withdrawn from the greenhouse cover. The irrigation was reduced from five to three times a week. The branches that had cancers were removed and the wounds were treated with white plastic paint. These measures were sufficient to contain the spread of the problem.
In April, the quantitative control of plant growth was started, a procedure that occurred monthly until the end of the experiment. In June, the two species went into dormancy. Infestations of aphids and fungi were controlled and there were no new problems.
Third Stage: Monitoring the Growth of the Plants and Aphids and Fungi
It corresponded to the third year of the survey, in the period October/year3 to September/year3. In November, as in the previous stage, many new shoots sprouted in both species, and in both types of soils. Aphids reappeared, although to a lesser extent, probably due to winter being longer at the end of the previous stage. Since the early sprouting applied to water solution with coconut soap and thus in this stage, the problem with aphids was greatly reduced. However, in January necrosis resurfaced with the first branches darkened and yellowed leaves with dark pigmentation. To contain the spread of fungi, and as a preventive measure, pruning took place in all the plants of all the boxes, which stimulated the plants to issue new shoots and favored ventilation between them, preventing the proliferation of fungi. On the pruned branches, white plastic paint was applied to prevent fungal entry. At this stage, as in earlier stages, it was found that Salix x rubens species was the most susceptible to the attack of fungi causing the leaf spot.
Due to more effective monitoring at this stage, infestation of aphids and fungi was little intense. In addition, as in previous stages, there was no apparent problem for normal growth of the plants of both species, in both types of soil. Not any loss of a plant in the experiment occurred, neither by the occurrence of chemical residue in their tissues, nor by infestation of aphids and fungi. In April, with the fall of all leaves, plants entered dormancy and more problems were not observed with them. Figure 6 and Figure 7 illustrate plants of the Salix x rubens and Salix triandra species, respectively, at the end of the experiment. 
The Development of the Plants Under the Statistical and Visual Assessment
As previously mentioned, the development of plants was accompanied over the last 18 months of the experiment. In the 36th month, the latest measures of stems and leaves were held and the results are shown in Figures 8,  9 and 10, which illustrate, respectively, the histograms of the diameters of the bases and apexes of the stems, of the heights of the stems and of the dimensions of the leaves. The Q test was used to rule out results and the t-student test, considering a 95% confidence level and the type A uncertainties expanded, associated in statistical evaluation to compare the results. The procedures and main results of this evaluation are found in Cunha et al. (2012) . In the figures, the 1S indications, for example, represent the plants of box 1 with soil, and the indications 2SR represent box 2 with soil and residue.
Whereas the plants grown in boxes containing only soil were the benchmark of their development, the statistical analysis indicated that Salix x rubens species of boxes with soil and residue had their development affected by residue chemicals, while the development of Salix triandra species was not affected by the same chemicals. This is also observed in Figures 8, 9 and 10. In Figure 8 , both the values of the diameters of the base as those of the apex of the Salix x rubens plants are noticeably greater in the boxes containing only soil. In Salix triandra plants the differences between the values of the boxes with soil and the boxes with soil and residue are not as evident, although higher values can be realized for the stem base diameters in plants grown in boxes with soil.
In Figure 9 , values that are more homogeneous can be observed for the height of the stems in the Salix x rubens species planted in boxes with soil, and lower values at the height of the stems grown in boxes with soil and residue. However, for the Salix triandra plants trends in the two types of soils are not observed.
As for Figure 10 , initially it should be noted that the standard dimensions of the leaves of Salix x rubens species are larger than those of Salix triandra. The comparison between the values of dimensions of length and width of Salix x rubens leaves shows a tendency to lower values in two years for plants grown in boxes with soil and residue. In Salix triandra plants, clear trends are not observed in both length and width of leaves, in the two years that they were measured. These trends are visible in Figures  11 and 12. Figure 11 illustrates two branches with Salix x rubens leaves, in which the branch 07 is taken from plants grown in box with soil and residue, and the branch 10 plant developed in box with soil. Figure 12 illustrates two branches with Salix triandra leaves, in which the branch 11 is taken from plants grown in box with the soil, and the branch 12 plant grown in box with the soil and residue.
The results presented in Cunha et al. (2012) indicated that the willows of both species were effective for phytoremediation in soil contaminated with hydrocarbon-based, probably due to phytodegradation process. However, plants of Salix triandra species were more resistant to the presence of chemical substances in their tissues, because their development in soil contaminated by substances was very similar to plants grown in soil not contaminated. 
Root Growth
At the end of the experiment, all the boxes were broken, enabling the visualization of the root network. In 12 boxes, there was good growth and good branching of roots, as shown in Figure 13 . Some roots deepened to 80 cm long, reaching the bottom of the box and being prevented from deepening more, probably due to the plastic bag placed at the base of boxes. Another evidence of good root development was the absence of folding of the root system. 
Conclusions
Willow seedlings are usually planted in February and March in places where the plant is produced, in the Planalto Serrano Catarinense region, in the State of Santa Catarina. In this study, the planting of seedlings occurred in Canoas, in the State of Rio Grande do Sul, in October. This time difference in planting did not affect the sprouting of seedlings.
In the plant source region, the topography and climate are very different from the region where the experiment was conducted. The two willow species -Salix x rubens and Salix triandra -had, in addition to sprouting, normal growth over the three years in which the study was conducted, a fact attested by the technicians of the Zandonai, Journet and Thomas Ltda. Company. Topographical and climatic differences did not affect the growth and normal development of plants in Canoas.
To compensate the adverse characteristics of planting season, climate, altitude and soil texture in the place where the experiment was conducted, the correction of pH and soil nutrients, beyond the strict moisture control, were the measures adopted, which, it is believed, contributed to the plants had normal sprouting and growth.
The seedlings of Salix x rubens species had more vigorous initial budding and larger branches in boxes containing only the soil. In these boxes, when the leaves grew, it was observed that their color had strong green shades. In the boxes with the mixture of soil and residue IFO 380, the chemical substances in plant tissues affected budding and branching of the plants, and also affected the color of leaves, which have acquired a rather yellowish tone. However, with the seedlings of the Salix triandra species, budding, branching and the green color of the leaves was similar in the two soil types. As the chemical analyzes of plants grown in the boxes with the soil mix, and the residue indicated the presence of the chemicals of the residue, it was concluded that these did not affect the normal development of the Salix triandra species.
Throughout the experiment, infestations of aphids and fungi occurred right after the plant dormancy periods, with the buds and branches already established. Aphids were attacking, initially, in both willow species, the plants growing in the boxes containing only soil and then they passed to the plants in boxes containing soil and residue mixture. This fact indicated that the aphids sought initially healthier plants, with saps free of chemicals from residue. With the fungi, it occurred in the opposite way, i.e., infestation initiated in plants growing in the boxes with the soil and residue, probably more susceptible to the attack because they are less healthy and then they propagated to plants without the chemical residue.
The numbers generated in the growth control of the stems (diameters of apex and base and height) and of the size of leaves of plants of both species had statistical treatments. The results indicated that the diameters of the stems and apices of the Salix x rubens plants, as well as their heights and dimensions of their leaves were lower in boxes containing soil and residue and, hence, the statistical analysis indicated that chemicals IFO 380 residue affected the growth of this species. However, the growth of the controls Salix triandra plants did not show the same trends observed in other species. The statistical analysis of the data of the Salix triandra indicated that the chemical residue did not affect its development.
Considering the results and general and specific assessments of this study, it can be concluded that both kinds of willow had good performance as phytoremediator plants of soil contaminated with hydrocarbon derivatives, of course, with limited dosages for parameters that favor the development of plants. It can be concluded, also, that the Salix triandra willow had the best development of performance when comparing the results of the two species investigated.
Finally, one can also conclude that the methodology developed in this study was effective for the species of plants investigated and the dosage of the residue mixed with soil. The experiment simulated an accidental contamination by spill of the residue. In cases like this, excessive amounts of contaminants may occur and would be concentrated in restricted areas. The soil removal and its ex situ treatment is a recommended procedure, avoiding the infiltration of substances and their propagation into the deeper strata and the groundwater. In this context, the experiment was characterized as an environmentally feasible mitigation tool.
